The guava fruit (Psidium guajava) is among the most strongly affected by fruit flies in Brazil. In the Brazilian Amazon, 11 species of Anastrepha have been reported in guava orchards to date. This work aimed to identify the species of Anastrepha present in a guava orchard in the municipality of Boa Vista, determine the species infesting the fruits, and identify any parasitoids present. Two McPhail traps with food bait were installed and weekly collections were made between January and December 2008. Fruits were also collected systematically during this period, with a view to determining the association between host plant and tephritid species. Nine species of Anastrepha were identified, in addition to one specimen belonging to a probable new species. Anastrepha striata Schiner, Anastrepha sororcula Zucchi, Anastrepha obliqua (Macquart), and Anastrepha fraterculus (Wiedemann) were the dominant species in the orchard, accounting for 84.8% of all captured individuals. All females collected directly from fruits were A. striata. Doryctobracon areolatus (Szépligeti) was the only parasitoid species obtained. In this work, Anastrepha ethalea (Walker) is reported for the first time in the state of Roraima.
Introduction
The guava Psidium guajava L. (Myrtaceae) is a native species of tropical America, possibly ranging from Mexico to Peru, where it still occurs in a naturally occurring state (Menzel, 1985) . The species is widely distributed and can be found in all tropical and subtropical regions (Gould and Raga, 2002) .
Brazil is one of the world's largest producers of guava, with most of this production originating from commercial orchards and small agricultural properties where guava is cultivated in household orchards (Gould and Raga, 2002) . Production volume in 2009 was 328,255 tonnes in a 15,012 hectare area, concentrated mainly in the southeast and northeast regions of the country (Agrianual, 2009; Ramos et al., 2010) . The state of São Paulo is the largest producer, with 5,076 hectares planted, followed by the state of Pernambuco, with 4,512 hectares (Agrianual, 2009) .
Despite these expressive production levels, the presence of pest insects compromises the health of Brazilian guava crops and is a major obstruction to guava commercialisation, both in the domestic and international markets. In this context, fruit flies (Diptera: Tephritidae) are considered extremely important because they are the most common fruit pests, causing not only direct damage to the product, but also commercial limitations (Malavasi, 2000) .
Among Tephritidae, the genus Anastrepha Schiner is considered the most diverse and the most economically relevant in the Americas. The genus is endemic to the New World and restricted to tropical and subtropical environments. It is comprised of approximately 235 species, divided into 18 groups (Aluja, 1994; Uramoto et al., 2008; Uchôa and Nicácio, 2010) . Out of this total, 112 species have already been reported in Brazil. Host plants have been identified for only 53 of those species. Anastrepha fraterculus (Wiedemann, 1830) and Anastrepha obliqua (Macquart, 1835) are the most polyphagous species, with 81 and 37 host plants respectively (Zucchi, 2008) . A total of 56 species of Anastrepha have been reported in the Brazilian Amazon, of which 32 are exclusive to the region (Norrbom and Uchôa 2011; Zucchi et al., 2011) .
Fruit flies are considered key pests of guava, including some species of quarantine importance (Gould and Raga, 2002) . In the Americas, Anastrepha striata Schiner, 1868 is strongly associated with guava Katiyar et al., 2000; Caraballo, 2001; Zucchi, 2008; Birke and Aluja, 2011) . In Brazil, 11 species of Anastrepha have already been reported on guava crops, in addition to the exotic species Bactrocera carambolae Drew & Hancock, 1994 and Ceratitis capitata (Wiedemann, 1824) (Zucchi, 2001 (Zucchi, , 2008 Silva et al., 2011a, b) .
In the state of Roraima, located in the extreme north of Brazil, the first studies and data on Anastrepha species began to be published in the 1990s, beginning with Rafael (1991) . Later, a number of reports added new information on Anastrepha species richness in the state (Marsaro Júnior et al., 2011a) . To date, 21 species of Anastrepha have been reported in Roraima (Marsaro Júnior et al., 2011a, b; Adaime et al., 2012; Marsaro Júnior et al. , in press ).
The objectives of this work were: to perform a faunistic analysis based on the Anastrepha species captured in McPhail traps in a guava orchard in Boa Vista, Roraima; identify the species infesting the collected guava fruits; and identify their associated parasitoids.
Material and Methods

Study site
The municipality of Boa Vista is located in the northeast of the state of Roraima, Brazil. The state presents three climate groups under the Köppen classification system: Aw, Af, and Am. The Aw climate region corresponds to the savannas in center-eastern and northeastern Roraima. This type of climate is characterised by a marked, well-defined dry period, in this case between the months of December and March. Average annual rainfall in this region is 1,655 ± 408 mm. From that total, approximately 9% falls at the peak of the dry season (December-March) and 70% at the peak of the rainy season (May-August) (Barbosa, 1997; Araújo et al., 2001 ). The Af climate type is observed in the forest systems of the extreme south and northwest of Roraima. These regions are predominantly covered by dense ombrophilous forests, with annual rainfall averages of more than 2,000 mm. Am-type climate is found in the contact forests and grassland regions, where average annual rainfall ranges from 1,700 to 2,000 mm.
The studies were conducted in a guava orchard (02°53' N -60°39' W, altitude 85 meters) located in the municipality of Boa Vista, Roraima, Brazil. The orchard had the following characteristics: 1.3 hectare containing 538 trees of the`Paluma' cultivar, each approximately 5 years old, planted at intervals of 4 metres between trees and 6 metres between rows.
Three prunings were performed during the collection period (January through December 2008): one wholeorchard pruning in January; a half-orchard pruning in July; and the other half in September. The trees yielded fruit year-round because the orchard is irrigated. However, fruit availability varied throughout the year, with greatest abundance in April, May, September, October, and December. Other fruit trees were also cultivated in the vicinity of the guava orchard, including mango (Mangifera indica L.), soursop (Annona muricata L.), passion fruit (Passiflora edulis Sims), and other fruit trees dispersed in the nearby domestic orchards, such as jaboticaba [Myrciaria cauliflora (Mart.) O. Berg.], acerola (Malpighia emarginata Sessé & Moc. ex DC.), star fruit (Averrhoa carambola L.), and Brazilian guava (Psidium guineense Swartz). There was also an area with native vegetation characteristic of the cerrado (savanna) biome.
Sampling with traps
Two McPhail traps were installed, each baited with 400 mL of food bait containing 5% hydrolyzed corn protein (BioAnastrepha®) stabilized with borax. Collections were conducted weekly, from January through December 2008, yielding a total of 53 samples. At each inspection, the contents of the traps were poured onto a sieve and subsequently stored in plastic containers. The traps were then washed and the food bait replaced. The traps were subsequently reattached to the trees.
The captured insects were stored in labeled containers of 70% ethanol and transported to the Entomology Laboratory at Embrapa Roraima in Boa Vista, where they underwent preliminary identification.
Fruit sampling
Guava fruits were systematically collected during the sampling period, aiming to confirm the association between the host plant and the tephritid species occurring in the area. At each sampling occasion, 10 ripe fruits were collected at random, directly from the trees. The fruits were packed in coolboxes and transported to the Entomology Laboratory at Embrapa Roraima. In the laboratory, the fruit samples were processed as per Silva et al. (2007a) . The fruits were counted, weighed and arranged on plastic trays over a thin layer of vermiculite, which served as a pupation substrate. The trays were covered with organza fabric fastened in place with rubber straps. Every three days, the vermiculite was examined and the puparia were removed using spatulas. The puparia were transferred into transparent plastic flasks (8 cm diameter) with vented lids covered with organza, containing a thin layer of moistened vermiculite. The samples were discarded after twenty days.
The flasks containing the puparia were kept in climate-controlled chambers under controlled temperature (26.5 ± 0.5°C), relative humidity (70 ± 5%) and photophase (12 hours). They were observed and moistened daily. After the adult insects emerged, they were stored in labeled flasks of 70% ethanol for subsequent identification.
Data analysis
The following faunistic indexes were used in the quantitative analysis: frequency, dominance and constancy.
Frequency
Frequency is the number of individuals of a given species in relation to the total number of individuals in the sample; p i = n i /N, where n i is the number of individuals of species i, and N is the total number of individuals in the sample (Silveira-Neto et al., 1976) .
Dominance
Dominance was determined by calculating the limit of dominance as LD = (1/S) x 100, as proposed by Sakagami and Laroca (1971) , where LD is the limit of dominance and S is the total number of species. A species is considered dominant when its frequency is higher than (1/S) x 100.
Constancy
Constancy is the percentage of samples in which a given species was present. C% = p.100/N, where p is the number of samples containing the species and N is the total number of samples (Dajoz, 1983) . According to their constancy percentages, the species were grouped into the following categories:
• Constant species (w): present in more than 50% of samples • Accessory species (y): present in 25-50% of samples • Accidental species (z): present in less than 25% of samples The infestation indexes of the fruits were calculated in 2 ways: (1) by dividing the total number of puparia obtained by the number of fruits in the sample (puparia/fruit); and (2) by dividing the total number of puparia by the total mass (kg) of fruits in the sample (puparia/kg).
Identification of specimens
The obtained specimens (fruit flies and parasitoids) were identified to species level at the INPA Entomology Laboratory (Manaus, Brazil) and Embrapa Amapá (Macapá, Brazil), based on identification keys by Zucchi (2000) and Canal and Zucchi (2000) . Voucher specimens were deposited in the collections of these laboratories. Zucchi, 1979 . In addition to these species, one of the captured specimens of Anastrepha probably belongs to a new species.
Results
Species richness
Anastrepha striata, A. sororcula, A. obliqua, and A. fraterculus were the most frequent and dominant species in the orchard, accounting for 84.8% of the captured specimens. However, only A. striata was considered constant. The other captured species were observed at low frequencies (Table 1) .
The number of captured specimens varied throughout the year. Figure 1 presents the fluctuation of dominant species in the guava orchard. Anastrepha striata, A. sororcula and A. fraterculus presented population peaks in June, whereas the A. obliqua population peaked in March. On both months, guava fruit availability in the orchard was low.
Infestation of fruits
Guava fruits were sampled 27 times, comprising a total weight of 41 kilograms. From the total of 719 puparia obtained from these samples, 417 specimens of Anastrepha emerged (217 females and 200 males), as well as two specimens of Braconidae (Hymenoptera). All of the females belonged to the species A. striata, which was present in all of the collected samples. Parasitoids were obtained from only two samples, indicating a low frequency of such insects in the orchard. Doryctobracon areolatus (Szépligeti, 1911) was the only parasitoid species identified. The observed rates of parasitism were 8.3% and 2.5% on February 1 and July 15, 2008, respectively.
The average rates of infestation ranged from 0.50 to 11.30 puparia/fruit and 2.63 to 85.77 puparia/kg of fruit. The highest rates of infestation were recorded in the period between June 18 and October 7, 2008 (Figure 2 ), coinciding with the population peak of three among the four dominant species (Figure 1 ).
Discussion
Species richness
The most frequent and dominant species in this work, i.e., Anastrepha striata, A. sororcula, A. obliqua, and A. fraterculus, have been reported as the most important guava pests in Brazil. Anastrepha striata is only considered a key pest of this crop in the North region of the country (Zucchi et al., 2011) . In the Northeast, CenterWest, Southeast, and South regions of Brazil, A. fraterculus, A. obliqua, A. sororcula, A. zenildae, and the exotic species Ceratitis capitata are the most relevant species, alternating in dominance according to location (Uchôa et al., 2002; Raga et al., 2005; Moura and Moura, 2006; Dutra et al., 2009; Azevedo et al., 2010) .
The dominance of Anastrepha striata has also been observed in other works conducted in northern Brazil. Aluja (1994) and Celedônio-Hurtado et al. (1995) , the level of species dominance appears to be determined by a group of ecological components, the most important of which are the richness, diversity, and abundance of hosts. The dominance of A. striata can therefore be explained by the abundance of guava fruits, its main host in the Amazon region.
Anastrepha obliqua is the second most economically important tephritid species in the north region of Brazil. Anacardiaceae plant species are its preferred hosts; this means that the high frequency of A. obliqua in the region is contingent on the presence of its primary hosts. Thomazini et al. (2003) and Bomfim et al. (2007) reported a high frequency of A. obliqua in commercial orchards in the states of Acre and Tocantins, respectively. The authors attributed this fact to the presence of Anacardiaceae fruit trees including mango (Mangifera indica L.), jocote (Spondias purpurea L.), and cashew (Anacardium occidentale L.), which are all reported hosts of A. obliqua in the region (Zucchi et al., 2011) . A. obliqua presented the third highest frequency in this study; however, during the sampling period, no specimens of this species were obtained from guava fruits, suggesting that its host plants may be present in the vicinity of the orchard.
Despite being classified as dominant in this work, Anastrepha sororcula and A. fraterculus are found at a low frequency in northern Brazil. Anastrepha sororcula, A. zenildae and Ceratitis capitata have been frequently reported as guava pests in the northeast, southeast and south regions of Brazil, where A. striata is reported as low frequency or absent (Moura and Moura, 2006; Souza-Filho et al., 2009; Dutra et al., 2009 ). In the Brazilian Amazon, A. sororcula has been reported in the states of Amapá, Maranhão, Mato Grosso, Pará, Roraima, and Tocantins (Zucchi et al., 2011) .
Anastrepha fraterculus is the most widely distributed tephritid in Brazil, but its importance to agriculture is significantly less in the northern regions of the country than in the south. In south and southeast Brazil, up to the centre-south of the state of Minas Gerais, A. fraterculus is considered an important primary pest of fruit crops ; however, in the north region of Brazil, this tephritid is considered a secondary species with marginal distribution Silva and Ronchi-Teles, 2000) . In the Brazilian Amazon, A. fraterculus has been reported in the states of Amapá, Maranhão, Pará and Tocantins, in association with 10 plant species (Zucchi et al., 2011) .
In this work, Anastrepha ethalea is reported for the first time in the state of Roraima. In Brazil, this species occurs in the states of Pará, Maranhão and Piauí, and no host plants have been identified to date (Zucchi, 2008) .
The occurrence pattern of Anastrepha striata in the area studied in this work indicates that this species is the best adapted to the local conditions, given its constant occurrence in the orchard and the fact that it was the only species obtained from the sampled fruits. Duyck et al. (2004) emphasized that the dominance of Tephritidae species depends on temperature, latitude and longitude, humidity, host plant quality and other factors that can influence larval development time. Although the influence of these factors was not assessed in this work, some previous studies conducted in the Brazilian Amazon have already indicated that A. striata is the dominant species in guava crops (Silva et al., 2007a, b; Deus et al., 2009b; Pereira et al., 2010) .
The population peaks observed for Anastrepha striata, A. fraterculus, and A. sororcula showed that the abundance of these species increased between May and July and diminished considerably in the subsequent months; however, in the case of A. striata, the population decline was not as drastic and specimens were collected year-round, at rates nearing 0.5 fly/trap/day (Figure 1 ). This result may be explained by the availability of guava fruits to A. striata throughout the entire period of collection in the orchard. In the studies conducted by Araujo and Zucchi (2003) , Moura and Moura (2006) , Araujo et al. (2008) , Dutra et al. (2009) and Santos et al. (2011) , the abundance of dominant fruit fly species was attributed to the presence of host plant species. In this study, only the results obtained for A. striata confirm the results of the foregoing authors. The abundance of the other dominant species found in this study -i.e., A. sororcula, A. obliqua and A. fraterculus, -may be related to the presence of preferred or alternative host fruits in the vicinity of the orchard, given that during the periods when preferred hosts are unavailable, alternative hosts assume an important role in the maintenance of fruit fly populations (Aguiar-Menezes and Menezes, 1996) .
Interspecific competition is another factor that may explain the infestation of guava fruits exclusively by Anastrepha striata despite the presence of other species in the orchard. Duyck et al. (2006) emphasized that females that are ready to oviposit may compete directly; another possibility is that the very act of ovipositing may make infestation by another tephritid more difficult, as the fruits are marked with a pheromone. Therefore, the dominance of A. striata in the studied orchard seems to be favoured by a number of different factors (biotic and abiotic), although these factors were not assessed in this work.
The other species of Anastrepha were represented by few individuals, which may have been present because they were searching for food.
Infestation of fruits
Studies conducted in the Brazilian Amazon have indicated that Anastrepha striata is the pest species that causes the greatest damage to guava crops. The tephritid has been associated with guava in eight of the nine states that comprise the Brazilian Amazon (Silva et al., 2011c) .
In previous works in the state of Amapá, Silva et al. (2007a, b) observed that A. striata was the only species present in guava fruits. A similar result was also obtained in Amapá by Deus et al. (2009b) and in the states of Acre and Rondônia by Pereira et al. (2010) , who reported that A. striata was predominant in guava, although other species were also present.
In other Latin American countries, Anastrepha striata has also been reported as one of the main pests of guava. In Costa Rica, A. striata was detected in 97.8% of all sampled guava fruits . In Ecuador, A. striata emerged from 70.8% of the examined fruits (Hedström, 1987) . In Venezuela, when assessing infestation in species of the genus Psidium L., Katiyar et al. (2000) reported that A. striata is the dominant species in Psidium guajava. In Mexico, Birke and Aluja (2011) observed that A. striata is dominant in guava fruits in low altitude areas.
The rates of parasitism observed in Anastrepha striata in guava fruits, i.e., 8.3% on February 1 and 2.5% on July 15, 2008, are similar to the rates already reported for this species in Psidium guajava in the state of Roraima by Marsaro Júnior et al. (2011b) . The only parasitoid species identified in this work, Doryctobracon areolatus -which has already been associated with several species of Anastrepha in several host plants in the state of Roraima (Marsaro Júnior et al., 2011a) -, is the most widely distributed parasitoid in Brazil (Leonel Júnior et al., 1995; Canal and Zucchi, 2000) and Latin America (Ovruski et al., 2000) .
The high rates of infestation by Anastrepha striata reported in this study reinforce the results of other works conducted in the Brazilian Amazon that reported this species as a key pest of guava crops. However, new studies are required for a better understanding of the relationship between tephritid species present in the orchard and between those species and Psidium guajava, given that little information is available on several aspects of the ecology and behavior of Tephritidae in the North region of Brazil. Studies aiming to identify the influence of biotic and abiotic factors on the population dynamics of fruit flies in the Brazilian Amazon should therefore be encouraged, especially long-term studies involving the fruit pest species found in the region. Anastrepha striata, A. sororcula, A. obliqua and A. fraterculus are the most frequent and dominant species in the guava orchard. Anastrepha striata was the only species obtained from the guava fruits. Doryctobracon areolatus, a parasitoid associated with A. striata, was the only parasitoid observed in this study.
Conclusions
